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Description 

This invention relates to a structural member of an electric or electronic device, particularly to a 
photoconductive member such as an electrophotographic photosensitive member, for use in an elec- 
5 trophotographic process. 

Related Background Art 

Various cutting or grinding treatments have been applied to a metal body surface to give a desired 
10 surface shape, depending on their uses. 

For example, metal bodies of plate shape, cylindrical shape, endless belt shape, etc. are used as 
substrates (supports) of a photoconductive member such as electrophotographic photosensitive member, 
etc., and their surfaces are finished by cutting treatment to form a mirror surface, etc., as a preliminary step 
for forming layers such as a photoconductive layer, etc. on the support. For example, the surfaces are 
75 finished to a surface flatness within a given range by diamond cutting tool cutting with a lathe, a milling 
machine, etc., or sometimes to an irregularility of given or desired shape to prevent an interference fringe. 

However, in the formation of such a surface by cutting, the cutting tool contacts fine ingredients existing 
near the surface of a metal body, such as rigid alloy components, oxides, etc. or blisters, thereby lowering 
the cutting efficiency, and also the surface defects due to the ingredients, etc. are liable to appear by the 
20 cutting. For example, an aluminum alloy, when used as a support metal body, has ingredients such as 
intermetallic compounds, e.g. Si-Al -Fe, Fe-Al, TiB2, etc. or oxides of Al, Mg, Ti, Si, and Fe or blisters 
by H 2 in the aluminum structure, and also has surface defects such as grain boundary discrepancy taking 
part between the adjacent Al structures of different crystal orientations. When, for example, an elec- 
trophotographic photosensitive member is made from a support having such a surface defect, no uniform 
25 layers can be obtained, and consequently the photosensitive member cannot have uniform electrical, optical 
and photoconductive characteristics, and fails to produce a good image. That is, such a photosensitive 
member cannot meet the practical purpose. 

The cutting treatment also has other problems such as the producing of powdery cutting wastes, 
consumption of cutting oil, complicated disposal of the powdery cutting wastes, and treatment of cutting oil 
30 remaining on the cut surface. 

Besides the cutting means, the conventional means for plastic deformation, such as sand blast, shot 
blast, etc. are used to control the surface flatness or surface roughness of the metal body, but the shape 
irregularity, precision, etc. of the metal body surface cannot be exactly controlled by such means. 

Furthermore, when the surface roughness is attained by the foregoing means, an irregular state, for 
35 example, a relatively large and acute irregular state, is exposed on the surface, and thus the durability of 
the resulting photosensitive member is considerably deteriorated against repeated frictions by a cleaning 
means, etc. 

There is disclosed in DE3321648 an arrangement for providing a predetermined surface roughness on a 
substrate for an amorphous silicon photoconductive member. In this disclosed arrangement, a grindstone is 

40 used in order to prevent charge injection from the substrate into the photosensitive layer and to improve the 
adherence of the photosensitive layer to the substrate. However, with this arrangement, there is still the 
problem that interference fringes would be generated. Furthermore, by using a grindstone powdery cutting 
waste would be generated and because such an arrangement would normally involve the use of a cutting 
oil, such oil would contaminate the surface unless an appropriate treatment is provided for removing it. The 

45 present invention is concerned, among other things, with overcoming such problems. 

SUMMARY OF THE INVENTION 

According to the present invention, a photoconductive member comprises a photoconductive layer on a 
50 support, the support being a surface - treated metal body having irregularities formed thereon, characterised 
in that the irregularities comprise a plurality of spherical indent recesses which themselves also have fine 
irregularities formed in them. 

How the present invention may be carried out will now be described by way of example only and with 
reference to the accompanying drawings in which: 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 4 are schematic views for explaining the irregular state of a metal body surface used to 
construct a photoconductive member, according to the present invention. 
5 Fig. 5 is an enlarged, cross - sectional view of a spherical indent recess in Fig. 1 . 

Fig. 6 is a cross - sectional view of a rigid ball used to produce the irregular surface on the metal body 
of Figure 1 . 

Figs. 7 and 8 are a lateral cross - sectional view and a longitudinal cross - sectional view, respectively, 
of an apparatus for carrying out a process for producing the surf ace - treated metal body of Figure 1. 
w Fig. 9 is a schematic view of an apparatus for producing a photoconductive member by glow discharge 
decomposition. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

75 A surface -treated metal body 1 shown in Hg. 1 has an irregular surface comprising a plurality of 
spherical indent recesses 4 on the surface 2 as one of the features. That is. the spherical indent recess 4 is 
formed on the surface 2 by naturally or forcedly dropping, for example, a rigid ball 3 from a given level from 
the surface 2. Thus, a plurality of spherical indent recesses 4 bearing substantially same radius of curvature 
R and width r can be formed on the surface 2 by dropping a plurality of rigid balls 3 having a substantially 

20 equal radius R' from a substantially equal level h. 

Figs. 2 and 3 show indent recesses formed in such a case. 

In Fig. 2 t it is shown that a plurality of recesses 4-1,4-1 of substantially same radius of curvature 

and width are loosely formed without any overlapping by dropping a plurality of balls 3-1, 3-1 of 

substantially same radius from substantially same levels onto different positions on the surface 2 - 1 of the 

25 metal body 1 - 1 , thereby forming the irregularity. 

In Fig. 3, it is shown that a plurality of recesses 4-2, 4-2, of substantially the same radius of 

curvature and width are densely formed with overlapping by dropping a plurality of balls 3-2, 3-2, of 

substantially same radius from substantially the same levels onto different positions on the surface 2-2 of 
the metal body 1 -2, thereby reducing the level of irregularities (surface roughness), as compared with the 

30 embodiment of Fig. 2. In this case, it is needless to say that the balls must be naturally dropped so that the 

timing for forming overlapped recesses 4-2, 4-2, that is, the timing of allowing the balls 3-2, 3-2, 

to hit the surface 2-2 of metal body 1-2 can be staggered. 

In Fig. 4, on the other hand, it is shown that a plurality of recesses 4-3, 4-3, of different radius of 
curvatures and widths are densely formed with overlapping on the surface 2-3 of a metal body 1 - 3 by 

35 allowing balls of several different radiuses 3-3, 3-3, from substantially same levels or from different 

levels, thereby form irregularities of different levels on the surface 2-3. 

" In this manner, plurality of spherical indent recesses of desired radius of curvature and width can be 
formed at a desired density on the surface of a metal body by appropriately adjusting conditions such as 
the hardness of the rigid bails and the metal body surface, the radius of the rigid balls, the dropping level, 

40 the weight of falling balls, etc. Therefore, the surface roughness, that is, the finishing of the metal body 
surface to a mirror surface, or non- mirror surface; the levels and pitches of irregularities, etc. can be 
adjusted as desired, or irregularities of a desired shape can be formed by selecting the aforementioned 
conditions. 

The present surface - treated metal body 1 has further fine irregularities in the spherical indent recesses 
45 4 as another feature. That is, as shown in Fig. 5 as enlarged, fine irregularities or groups of fine irregularities 
5 are formed on a part or the whole of the surface in the spherical indent recess 4. Such fine irregularities 
are formed by using a rigid ball having irregularities 6 on the surface, for example, as shown in Fig. 6, as a 
rigid ball 6. 

The rigid balls having irregularities can be formed by plastic processing treatment such as embossing, 
so corrugation forming, etc.; surface roughing such as satinizing, etc.; formation of surface irregularities by 
mechanical treatment; and formation of surface irregulatiries by chemical treatment such as etching 
treatment, etc. Furthermore, the surface of the rigid ball having the thus formed irregularities can be 
subjected to a surface treatment such as electrolytic polishing, chemical polishing, finish polishing, etc., or 
film formation by anodic oxidization, film formation by chemical reaction, plating, enameling, coating, 
55 formation of vapor deposit film, film formation by CVD, etc. to appropriately adjust the shape irregularity 
(level of irregularities), hardness, etc. 

As materials for the present surface -treated metal body, any kind of metals can be used, depending 
on the use purpose, but aluminum and aluminum alloys, stainless steel, steel, copper and copper alloys, 
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magnesium alloys, etc. are practical. A metal body of any shape can be used. For example, such shapes as 
a plate shape, a cylindrical shape, a columnar shape, an endless belt shape, etc. are applicable, for 
example, as a substrate (support) of an electrophotographic photosensitive member. 

The rigid balls include various rigid balls of, for example, such metals as stainless steel, aluminum, 

5 steel, nickel, brass, etc., ceramics, plastics, etc., and particularly stainless steel and steel rigid balls are 
preferable owing to the long durability and low cost. The hardness of the ball may be higher or lower than 
that of the metal body, but it is preferable to make it higher than the hardness of a metal body when the 
balls are to be used repeatedly. 

The present surface - treated metal body is for a support of a photoconductive member such as an 

w electrophotographic photosensitive member, etc.; a magnetic disc substrate for computer memory and a 
polygonal mirror substrate for laser scanning. 

When the present surface -finished metal body is used as a support for an electrophotographic 
photosensitive drum, a port hole tube or a mandrel pipe obtained by the ordinary extrusion processing of 
aluminum alloy, etc. is further subjected to a drawing processing, and the resulting drawn cylinder is further 

15 subjected to heat treatment, quality modification treatment, etc., if required. Then, the cylinder is subjected 
to surface treatment in an apparatus shown, for example, in Fig. 7 (schematic lateral cross - sectional view) 
and Fig. 8 (schematic longitudinal cross - sectional view) according to the present process, whereby the 
support can be formed. 

In Figs. 7 and 8, numeral 11 is an aluminum cylinder for forming a support. The cylinder 1 1 may be a 

20 drawn pipe as such or one whose surface is finished to an appropriate surface precision. The cylinder 1 1 is 
supported by bearings 12, and driven by an appropriate driving means 13 such as a motor, etc. and 
rotatable substantially around the axis center. Numeral 14 is a rotary vessel supported by the bearings 12 
and rotatable in the same direction as that of the cylinder 11, and contains a large number of rigid balls 15 
having irregularities on the surfaces. 

25 The rigid balls 15 are supported by a plurality of ribs 16 inwardly projected at the inside wall of the 
vessel 14, and transported up to the upper part of the vessel by rotation of the vessel 14, and then allowed 
to fall onto the cylinder 11. 

The rotary speed and the diameters of cylinder 11 and rotary vessel 14 containing the rigid balls 15 are 
appropriately selected and controlled in view of the density of indent recesses to be formed, the feed rate 

30 of rigid balls, etc. By rotation of the rotary vessel 14, the rigid balls 15 transported as attached to the vessel 
wall at an appropriate rotary speed can be made to fall to bombard the cylinder 11, whereby indent 
recesses are formed on the cylinder surface. That is, the irregularities are formed thereon. 

By uniformly providing holes on the wall of vessel 14 to make a mechanism to inject a washing solution 
from shower tubes 17 at the outside of vessel 14 when rotated, the cylinder 14, rigid balls 15 and rotary 

35 vessel 14 can be washed, where dusts, etc. electrostatically deposited through contact with the rigid balls 
themselves or the rigid balls and the rotary vessel can be washed out of the rotary vessel, and the desired 
support can be obtained. To prevent uneven drying or liquid dripping, it is preferable to use a non - volatile 
substance alone, or a mixture thereof with an ordinary washing liquid such as triethane, trichlene, etc. as the 
said washing solution. 

40 An example of the structure of the photoconductive member will be described below: 

The photoconductive member is composed of a support and a photosensitive layer containing, for 
example, an organic photoconductive material or an inorganic photoconductive material, provided on the 
support. 

The shape of the support is selected as desired. For example, when the support is used for the 
45 electrophotography, an endless belt shape or said cylindrical shape is desirable for continuous high speed 
copying. The thickness of the support is so selected to form a photoconductive member as desired, but 
when a flexibility is required as a photoconductive member, the support is made as thin as possible so long 
as the function as the support can be satisfactorily obtained. However, even in such a case the thickness is 
usually at least 400 urn from the viewpoint of production of the support, handling, mechanical strength, etc. 
so The support is subjected to the surface treatment according to the present invention, whereby the 
surface is finished to a mirror surface, or finished to a non - mirror surface or given shape irregularities as 
desired for the purpose of prevention of any interference fringe, etc. For example, when the surface of a 
support is made into a non - mirror surface or roughened by giving irregularities to the surface, the surface 
of a photosensitive layer is also made irregular in accordance with the irregularities of the support surface, 
55 but at the exposure to a light, there appears a phase difference in the reflected light on the support surface 
and the photosensitive layer surface, causing an interference fringe due to the shearing interference, or 
causing black spots (black dots) or stripes (line) at a reversal development. This leads to image defects. 
These phenomena are particularly pronounced in the case of exposure to a laser beam as an interferable 
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light 

Such an interference fringe can be prevented by adjusting the radius of curvature R and the width r of 
spherical indent recesses formed on the support surface. That is, in the case of using the present surface - 
treated metal body as a support, at least 0.5 Newton rings exist due to the shearing interference in the 

5 individual indent recesses when r/R is 0.035 or more, and the interference fringes on the entire photocon - 
ductive member can be made to exist as dispersed in the individual indent recesses, and thus the 
interference can be prevented. The upper limit of r/R is not particularly limited, but r/R is desirably selected 
within the range of 0.035 £ r/R S 0.5, because, if r/R exceeds 0.5, the width of the recess becomes 
relatively large and image unevenness, etc. are liable to develop. 

w The radius of curvature R of the indent recess is selected desirably within the range of 0.1 mm ^Ri 
2.0 mm, more desirably within the range of 0.2 mm5R5 0.4 mm. If R is less than 0.1 mm, the falling 
height must be maintained while making the rigid balls smaller and lighter, and the formation of indent 
recesses undesirably becomes less controllable. The allowance for r selection will be naturally narrowed. If 
R exceeds 2.0 mm on the other hand, the falling height must be adjusted while making the rigid balls larger 

75 and heavier, and, for example, if r is desired to be relatively small, it is necessary to extremely make the 
falling height smaller. That is, the formation of the indent recesses is also less controllable. 

The width r of indent recesses is desirably 0.02 to 0.5 mm. When r is less than 0.02 mm, the falling 
height must be also maintained while making the rigid balls smaller and lighter, and the formation of indent 
recesses undesirably is also less controllable. Furthermore, it is desirable that r is less than the light 

20 irradiation spot diameter, and particularly less than the resolving power when a laser beam is used. When r 
exceeds 0.5, image unevenness, etc. are liable to appear and it is highly liable to exceed the resolving 
power. 

When rigid balls having irregularities on the surfaces are used to form fine irregularities in the individual 
indent recesses, the effect of scattering by the fine irregularities can be added to the aforementioned effect 

25 of preventing the interference, and thus the interference can be prevented with much more assuredness. 

In the conventional art, the surface of a metal support for use in a photoconductive member is roughed 
at random to make a diffused reflection, thereby preventing an occurrence of interference fringe. However, 
in this case, in the cleaning after the image transfer, for example, by use of a blade, the blade edge mainly 
contacts the convex parts of the irregularities, deteriorating the cleanability or increasing an attrition of the 

30 photoconductive member and the blade edge at the convex parts. As a result, a good durability of the 
photoconductive member and the blade edge cannot be obtained. 

When the present surface - treated metal body is used as a support on the other hand, the surface 
treatment can be applied to the surface originally made smooth to some degree, and since the scattering 
surfaces exist in the recess' parts (concave part), the blade edge does not contact the convex parts, but 

35 contacts the uniform flat surface throughout the cleaning. Thus, no large load is applied to the blade or the 
surface of photoconductive member, and the durability of the blade and the photoconductive member can 
be increased. 

For obtaining an image of high quality, the level of fine irregularities given to the indent recesses, that 
is, the surface roughness, R max . is desirable within a range of 0.5 to 20 urn. Below 0.5 urn, no satisfactory 

40 scattering effect can be obtained, whereas above 20 urn the fine irregularities become too large, as 
compared with the irregularities of indent recesses, and consequently the indent recesses lose the spherical 
state, and no satisfactory effect of preventing the interference fringe can be obtained. Furthermore, the 
unevenness of a photoconductive layer is promoted, and the image defects are liable to develop. 

When a photosensitive layer composed of, for example, an organic photoconductor is provided on the 

45 support of the present photoconductive member, the photosensitive layer can be functionally separated into 
a charge generation layer and a charge transport layer. Furthermore, an intermediate layer composed of, for 
example, an organic resin, can be provided between the photosensitive layer and the support, for example, 
to inhibit carrier injection from the photosensitive layer to the support or to improve the adhesiveness of the 
photosensitive layer to the support. The charge generation layer can be formed by dispersing at least one 

so of well known azo pigments, quinone pigments, quinocyanine pigments, perylene pigments, indigo pig- 
ments, bisbenzimidazole pigments, quinacridone pigments, azulene compounds disclosed in Japanese 
Patent Application Kokai (Laid-open) No. 165263/82, metal -free phthalocyanine pigments, metal ion- 
containing phthalocyanine pigments, etc. as a charge - generating material into a binder resin such as 
polyester, polystyrene, polyvinylbutyral, polyvinylpyrrolidone, methyl cellulose, polyacrylic acid esters, 

55 cellulose esters, etc. by use of an organic solvent, followed by coating of the dispersion. The dispersion 
contains 20 to 300 parts by weight of the binder resin per 100 parts by weight of the charge -generating 
material. The desirable thickness of the charge generation layer is in a range of 0.01 to 1.0 urn. 
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The charge transport layer can be formed by dispersing positive hole transport substances such as 
compounds having polycyclic aromatic compounds such as anthracene, pyrene, phenanthrene, coronene, 
etc. for example in the main chain or the side chain, or compounds having a nitrogen -containing cyclic 
compound such as indole, oxazole, isooxazole, thiazole, imidazole, pyrazole, oxadiazole, pyrazoline, 

5 thiadiazole, triazole, etc., or hydrazone compounds, etc. into a binder resin such as polycarbonate, 
polymethacrylic acid esters, polyacrylate, polystyrene, polyester, polysulfone, sty rene - aery lonitrile 
copolymer, styrene - methyl methacrylate copolymer, etc. by use of an organic solvent, followed by coating 
of the dispersion. The thickness of the charge transport layer is 5 to 20 urn. 

The charge generation layer and the charge transport layer can be laid upon one another in any desired 

w order of lamination. For example, the lamination can be made in the order of the charge generation layer 
and the charge transport layer from the support side or; in the reversed order of lamination thereto. 

The aforementioned photosensitive layer is not limited to the above, but it is also possible to use a 
photosensitive layer using a charge transfer complex composed of polyvinylcarbazole and trinitrofluorenone 
disclosed in IBM Journal of the Research and Development, January issue (1971) pp. 75 - 89, a pyrrilium- 

15 based compound disclosed in US Patents Nos. 4,395,183; 4,327,169. etc., or a well known inorganic 
photoconductive material such as zinc oxide, cadmium sulfide, etc. as dispersed in resin, a vapor - 
deposited film of selenium, selenium -tellurium, etc., or a film composed of an amorphous material 
containing silicon atoms. Among them, a photoconductive member using a film composed of an amorphous 
material containing silicon atoms as a photosensitive material comprises a support of the present invention 

20 as described above, and, for example, a charge injection - preventing layer, a photosensitive layer 
(photoconductive layer) and a surface protective layer as successively laid on the support. 

The charge injection - preventing layer is composed of, for example, amorphous silicon containing 
hydrogen atoms (H) and/or halogen atoms (X) [a-Si(H,X)] and contains atoms of elements belonging to 
groups III or V of the periodic table usually used as impurities in the semi-conductor as a conductivity - 

25 controlling substance. The thickness of the charge injection - preventing layer is preferably 0.01 to 10 urn, 
more preferably 0.05 to 8 urn, and most preferably 0.07 to 5 urn. 

In place of the charge injection - preventing layer, a barrier layer composed of an electrically insulating 
material, such as AI2O3, Si02, SiaN*. polycarbonate, etc. may be provided, or both charge injection - 
preventing layer and barrier layer can be used together. 

30 The photosensitive layer is composed of a - Si having, for example, hydrogen atoms and halogen atoms 
and contains a different conductivity - controlling substance than that used in the charge injection - 
preventing layer as desired. The thickness of the photosensitive layer is preferably 1 to 100 urn, more 
preferably 1 to 80 urn and most preferably 2 to 50 urn. 

The surface protective layer is composed of, for example, Si 1 _ x C x (0<x<1), Si l - x N x (0<x<1), etc., and the 

35 layer thickness is preferably 0.01 to 10 urn, more preferably 0.02 to 5 urn, and most preferably 0.04 to 5 
lim. 

A photoconductive layer composed of a-Si(H, X), etc. can be formed by so far well known vacuum 
deposition methods using electric discharging phenomena such as glow discharging, sputlering, ion plating, 
etc. 

40 One example of a process for producing a photoconductive member by glow discharge decomposition 
will be described below. 

In Fig. 9, an apparatus for producing a photoconductive member by glow discharge decomposition is 
shown, where a deposition vessel 21 comprises a base plate 22, a vessel wall 23, and a top plate 24, and a 
cathode electrodes 25 are provided in the deposition vessel 21. An aluminum alloy support 26 of the 

45 present invention, on which an a-Si(H, X) deposited film is to be formed, is provided at the center between 
the cathode electrodes 25 and serves as an anode electrode. 

To form the a-Si(H, X) deposited film on the support in the apparatus, a starting gas inflow valve 27 
and a leak valve 28 are closed at first, and an exhausting valve 29 is opened to exhaust the gas from the 
deposition vessel 21. When the reading on a vacuum gage 30 reaches 5 x 10~ 6 Torr, the starting gas inflow 

so valve 27 is opened to feed a starting gas mixture containing, for example, Sim gas, Si2H6 gas, SiF* gas, 
etc. adjusted to a desired mixing ratio by a mass flow controller 31 and the degree of opening of the 
exhausting valve 29 is adjusted while observing the reading on the vacuum gage 30 so that the pressure in 
the deposition vessel 21 may reach a desired value. After it has been confirmed that the surface 
temperature of the drum -shaped support 26 is set to a predetermined temperature by a heater 32, a high 

55 frequency power 'source 33 is set to a desired power to generate glow discharge in the deposition vessel 
21. 

The drum - shaped support 26 is rotated at a constant speed by a motor 34 during the deposition of the 
layer to ensure uniform formation of the layer. In this manner, the a-Si(H, X) deposited film can be formed 
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on the drum - shaped support 26. 

The present invention will be described in detail below, referring to Examples. 



TEST EXAMPLE 

5 

A SUS stainless steel rigid balls, 0.6 mm in diameter, were subjected to a chemical treatment to etch 
the surface, whereby irregularities were formed thereon. The treating agent for this purpose can be an acid 
such as hydrochloric acid, hydrofluoric acid, sulfuric acid, chromic acid, etc., or an alkali such as sodium 
hydroxide, etc. In the present Test Example, hydrochloric acid solutions containing one part by volume of 

10 concentrated hydrochloric acid and 1 to 4 parts by volume of pure water were used, and the shape 
irregularity was adjusted as desired by changing the dipping time of the rigid balls, acid concentration, etc. 

The surfaces of aluminum alloy cylinders, 60 mm in diameter and 298 mm long, were treated with the 
thus treated rigid balls (the level of surface irregularities R max = 5 urn) in an apparatus shown in Figs. 7 
and 8 to form irregularities on the cylinder surface. 

75 Relationships among the radius R' of balls, the falling height h, the radius of curvature of indent 
recesses R t and the width r thereof were investigated. It was found that the radius of curvature of indent 
recesses R and the width r thereof depended on the radius of balls R\ and the falling height h. 
Furthermore, it was found that the pitch of the indent recesses (density of indent recesses or pitch of 
irregularities) could be adjusted to a desired one by controlling the rotating speed or rotation frequency of 

20 the cylinder, or the number of falling rigid balls. Furthermore, it was found that fine irregularities were 
formed in the indent recesses in accordance with the surface irregularities or the surface roughness of the 
rigid balls. 



Examples 1 to 6 and Comparative Example 1 

25 

The surfaces of aluminum alloy cylinders were treated in the same manner as in Test Example, except 
that r/R was controlled to those given in Table 1, and used as supports for an electrophotographic 
photoconductive member. 

At the same time, the individual surface - treated cylinders were inspected visually and by a metallog- 
30 raphical microscope as to the surface defects (scooped scars, cracks, stripe scars, etc.) formed after the 
surface treatment. Results are shown in Table 1 . 

Then, layers were deposited on the thus surface - treated aluminum alloy cylinders by the glow 
discharge decomposition method as described in detail before in an apparatus for producing a photocon- 
ductive member as shown in Fig. 9 under the following conditions, and photoconductive members were 
35 produced thereby. 



40 



45 



Order of la mina tion „. . . , Layer thick- 

of deposited layers Starting gases used n J s (pm) 

(1) Charge injection . . 

preventing layer SiH,/B 2 H 6 0.6 



(2) Photoconductive 
layer 



SiH„ 20 



(3) ?a^er Ce Pr ° teCtiVe SiH„/C 2 H„ 0.1 

so The thus produced respective photoconductive members were provided in a test machine, modified 
laser beam printer LBP-X made by Canon K.K. and subjected to image formation to make overall evalution 
of interference fringe, black dots, image defects, etc. The results are shown in Table 1. 

For comparison, a photoconductive member was produced from an aluminum alloy cylinder whose 
surface was treated by the conventional diamond cutting tool in the same manner as above and likewise 

55 subjected to the overall evaluation. 
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Table 1 



Example No. 
(r/R) 


Number of defects 

generated during the 
surface treatment 


Results of overall 
evaluation ( * ) of 
interference fringe, 

hl^flc soots anH lmacrp 

defects 


Pv 1 

Da • JL 

(0.02) 




A 


LX - Z 

(0.036) 


n 


A 
u 


t#X • J 

(0.05) 


A 

u 




Ex. 4 
(0.1) 


o 


o 


Ex. 5 
(0.2) 


0 


© 


Ex. 6 
(0.4) 


0 


© 


Comp. Ex. 1 
(-) 


Numerous 


X 



(*): x Practically unacceptable 

A Slightly poor in practical use in the high 

quality image recording 
A Practically acceptable in the high quality 

image recording 
o Practically good in the high quality image 

recording 

(§) Practically very good- in tTie high quality 
image recording 

In the supports for photoconductive members of Examples 1 to 6, R was in a range of 0.1 to 2.0 mm 
and r was in a range of 0.02 to 0.5 mm. 
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Examples 7 to 10 and Comparative Example 2 

Photoconductive members were produced in the same manner as in Example 5 except that rigid balls 
having the levels of surface irregularities (R ma x) shown in Table 2 were used. The thus obtained 
photoconductive members were evaluated in the same manner as in Table 1 , and the results as shown in 
Table 2. 



Table 2 



Example No. 


Number -of defects 
generated during 
the surface 
trea tment 


Results of overall 
evaluation * ' of 
interference fringe, 
black spots and image 
defects 


Ex, 5 
(5) 


0 


© 


Ex. 7 
(<0.5) 


0 


A 


Ex. 8 
(2) 


0 


© 


Ex. 9 
(10) 


0 


© 


Ex. 10 
(20) 


0 


o 


Comp. Ex. 2 
(50) 


0 


X 

Many black spots 
were generated. 



(*): The evaluation standard of x. A*, A. o and @ is 



the same as in Table 1. 



Examples 11 and 12 

Photoconductive members were produced in the same manner as in Examples 1 to 6, except that the 
layer formation was carried out as given below. That is, two photoconductive members were produced from 
aluminum alloy cylinders whose surface had an r/R of 0.2 (Example 11) and 0.1 (Example 12), respectively. 

At first, an intermediate layer having a layer thickness of 1 urn was formed by use of a coating solution 
of copolymerized nylon resin in a solvent. 

Then, a coating solution containing e-type copper phthalocyanin and butyral resin as a binder resin 
was applied to the intermediate layer to form a charge generation layer having a layer thickness of 0.15 urn, 
and then a coating solution containing a hydrazone compound and styrene - methyl methacrylate 
copolymer resin as a binder resin was applied to the charge generation layer to form a charge transport 
layer having a layer thickness of 16 urn, whereby the photoconductive members were produced. 

The thus obtained photoconductive members were subjected to overall evaluation in the same manner 
as in Examples 1 to 6, and it was found that those of Examples 11 and 12 were practical and particularly 
that of Example 11 was distinguished. 
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The surface -treated metal body of the present invention can be obtained by surface treatment without 
any cutting processing which is liable to develop surface defects deteriorating the desired use characteris - 
tics, and when the present metal body is used as a support of a photoconductive member, there can be 
obtained a photoconductive member excellent in uniformness of layers and uniformness of electrical, optical 
5 and photoconductive characteristics. Particularly when the photoconductive member is used as an elec- 
trophotographic photosensitive member, an image of high quality with less image defects can be obtained. 
Particularly when an interferable light such as a laser beam, etc. is used, an image without any interference 
fringe can be obtained. 

Fine irregularities can be formed in indent recesses by rigid balls whose surfaces are made irregular, 
w and thus more precise irregularities can be formed, whereby a distinguished image without any interference 
fringe can be formed also by virtue of the scattering effect. 

Claims 

75 1. A photoconductive member of the kind comprising a photoconductive layer on a support (1), the 
support (1) being a surface -treated metal body having irregularities formed thereon, characterised in 
that the irregularities comprise a plurality of spherical indent recesses (4) which themselves also have 
fine irregularities (5) formed in them. 

20 2. A photoconductive member as claimed in claim 1 in which the recesses (4) are spherical. 

3. A photoconductive member according to claim 1 or 2 wherein the recesses are all substantially the 
same - radius of curvature and width. 

25 4. A photoconductive member according to any of claims 1 to 3, wherein the radius of curvature R and 
the width r of the recesses (4) are in a range of 0.035 £ r/R £ 0.5. 

5. A photoconductive member according to any one of claims 1 to 4, wherein the radius of curvature R of 
the recesses (4) is in a range of 0.1 mm £ R £ 2.0 mm. 

30 

6. A photoconductive member according to any one of claims 1 to 4, wherein the width r of the recesses 
(4) is in a range of 0.02 mm S r £ 0.5 mm. 

7. A photoconductive member according to any one of claims 1 to 5, wherein the depths of the fine 
35 irregularities (5) in the spherical indent recesses is in a range of 0.5 to 20 urn. 

8. A photoconductive member as claimed in any previous claim, in which the member is cylindrical. 

9. A photoconductive member according to any previous claim, wherein the support is composed of 
40 aluminium alloy. 

10. A photoconductive member according to any previous claim, wherein the support is an aluminium alloy 
cylinder. 

45 11. A photoconductive member according to any previous claim, wherein the photoconductive layer 
contains an organic photoconductive material. 

12. A photoconductive member according to any previous claim, wherein the photoconductive layer 
comprises a charge generation layer and a charge transport layer. 

50 

13. A photoconductive member according to claim 12, wherein the thickness of the charge generation layer 
ranges from 0.01 - 1.0(1. 

14. A photoconductive member according to claim 12, wherein the thickness of the charge transport layer 
55 ranges from 5 - 20 u. 

15. A photoconductive member according to claim 12, wherein the charge generation layer comprises a 
mixture of 20 to 300 parts by weight of a binder per 100 parts by weight of a charge - generating 
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material. 

16. A photoconductive member according to any previous claim, wherein the photoconductive layer is 
composed of an amorphous silicon. 

5 

17. A photoconductive member according to any previous claim, wherein a charge injection - preventing 
layer is spaced between the support and the photoconductive layer. 

18. A photoconductive member according to claim 17, wherein the charge injection - preventing layer is 
w composed of an amorphous silicon containing at least one of hydrogen atoms and halogen atoms. 

19. A photoconductive member according to claim 18, wherein the charge injection - preventing layer 
contains at least one member of elements in Group III or Group V of the Periodic Table. 

75 20. A photoconductive member according to any previous claim, wherein a barrier layer is spaced between 
the support and the photoconductive layer. 

21. A photoconductive member according to claim 20, wherein the barrier layer is composed of an 
electrically insulating material. 

20 

22. A photoconductive member according to claim 20, wherein the barrier layer is composed of a material 
selected from the group consisting of AI2O3, Si02. SiaN*. and polycarbonate. 

23. A photoconductive member according to claim 17, wherein the thickness of the charge injection - 
25 preventing layer ranges from 0.01 to 10 u. 

24. A photoconductive member according to claim 16, wherein the amorphous silicon is prepared by the 
glow discharge method. 

30 25. A photoconductive member according to any previous claim, wherein a surface protective layer is on 
the photoconductive member. . 

26. A photoconductive member according to claim 25, wherein the thickness of the surface protective layer 
ranges from 0.01 - 10 u. 

35 

27. A photoconductive member according to claim 25, wherein the surface protective layer is composed of 
a material selected from the group consisting of Si x d- x , Si x U^ x , and Si x 0,- x (0 < x < 1). 

2a A photoconductive member according to any previous claim, wherein the thickness of the photocon - 
40 ductive layer ranges from 1 - 100 u. 

29. An electrophotographic process utilising a photoconductive member as claimed in any previous claims. 

30. A process as claimed in claim 29 in which the photoconductive member is exposed to an information 
45 bearing electromagnetic wave to form an electrostatic image, the electromagnetic wave comprising a 

laser beam. 

31. A process as claimed in claim 29 or 30 further comprising transferring the developed image formed 
after developing. 

50 

32. A process as claimed in claim 31 further comprising clearing the surface of the photoconductive 
member after the transferring. 

33. A process as claimed in claim 32 in which the clearing is carried out with a blade. 

55 
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Patentanspruche - 

1. Photoleitfahiges Element der Art, die auf einem Trager (1) eine photoleitfahige Schicht aufweist, wobei 
der Trager (1) ein oberflachenbehandelter Metallkorper ist, der darauf gebildete Unebenheiten hat, 

5 dadurch gekennzeichnet, daS die Unebenheiten aus einer Vielzahl von sphSrischen Eindruckvertie - 
fungen (4) bestehen, die selbst auch feine Unebenheiten (5) haben, die in ihnen gebildet sind. 

2. Photoleitfahiges Element nach Anspruch 1, bei dem die Vertiefungen (4) spharisch sind. 

70 3. Photoleitfahiges Element nach Anspruch 1 oder 2, bei dem die Vertiefungen alle im wesentlichen 
denselben KrUmmungsradius und dieselbe Weite haben. 

4. Photoleitfahiges Element nach einem der AnsprOche 1 bis 3, bei dem der KrUmmungsradius R und die 
Weite r der Vertiefungen (4) in einem Bereich von 0,035 £ r/R £ 0,5 liegen. 

15 

5. Photoleitfahiges Element nach einem der AnsprOche 1 bis 4, bei dem der KrUmmungsradius R der 
Vertiefungen (4) in einem Bereich von 0,1 mm S R £ 2,0 mm liegt. 

6. Photoleitfahiges Element nach einem der Anspruche 1 bis 4, bei dem die Weite r der Vertiefungen (4) 
20 in einem Bereich von 0,02 mm S r £ 0,5 mm liegt. 

7. Photoleitfahiges Element nach einem der Anspruche 1 bis 5, bei dem die Tiefen der feinen Uneben - 
heiten (5) in den sphSrischen Eindruckvertiefungen in einem Bereich von 0,5 bis 20 urn liegen. 

25 8. Photoleitfahiges Element nach einem der vorhergehenden Anspruche, bei dem das Element Zylinder - 
formig ist. 

9. Photoleitfahiges Element nach einem der vorhergehenden Anspruche, bei dem der Trager aus 
Aluminiumlegierung besteht. 

30 

10. Photoleitfahiges Element nach einem der vorhergehenden Anspruche, bei dem der Trager ein Zylinder 
aus einer Aluminiumlegierung ist. 

11. Photoleitfahiges Element nach einem der vorhergehenden Anspruche, bei dem die photoleitfahige 
35 Schicht eine organische photoleitfahige Substanz enthalt. 

12. Photoleitfahiges Element nach einem der vorhergehenden AnsprOche, bei dem die photoleitfahige 
Schicht eine Ladungserzeugungsschicht und eine Ladungstransportschicht enthalt. 

40 13. Photoleitfahiges Element nach Anspruch 12, bei dem die Dicke der Ladungserzeugungsschicht 0,01 bis 
1,0 u betragt. 

14. Photoleitfahiges Element nach Anspruch 12, bei dem die Dicke der Ladungstransportschicht 5 bis 20 u 
betragt. 

45 

15. Photoleitfahiges Element nach Anspruch 12, bei dem die Ladungserzeugungsschicht aus einer Mi- 
schung von 20 bis 300 Masseteilen eines Bindemittels pro 100 Masseteile einer Ladung erzeugenden 
Substanz besteht. 

50 16. Photoleitfahiges Element nach einem der vorhergehenden AnsprOche, bei dem die photoleitfahige 
Schicht aus einem amorphen Silicium besteht. 

17. Photoleitfahiges Element nach einem der vorhergehenden AnsprOche, bei dem zwischen dem Trager 
und der photoleitfahigen Schicht eine Ladungsinjektion verhindernde Schicht angeordnet ist. 

55 

18. Photoleitfahiges Element nach Anspruch 17, bei dem die Ladungsinjektion verhindernde Schicht aus 
einem amorphen Silicium besteht, das Wasserstoffatome und/oder Halogenatome enthalt. 
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19. Photoleitfahiges Element nach Anspruch 18, bei dem die Ladungsinjektion verhindernde Schicht 
mindestens einen Vertreter von Elementen der Gruppe III oder der Gruppe V des Periodensystems 
enthalt. 

5 20. Photoleitfahiges Element nach einem der vorhergehenden AnsprUche, bei dem zwischen dem Trager 
und der photoleitfahigen Schicht eine Sperrschicht angeordnet ist. 

21. Photoleitfahiges Element nach Anspruch 20, bei dem die Sperrschicht aus einer elektrisch isolierenden 
Substanz besteht. 

10 

22. Photoleitfahiges Element nach Anspruch 20, bei dem die Sperrschicht aus einer Substanz besteht, die 
aus der Gruppe ausgewahlt ist, die aus AI2O3. Si02, Si 3 N* und Polycarbonat besteht. 

23. Photoleitfahiges Element nach Anspruch 17, bei dem die Dicke der Ladungsinjektion verhindernden 
75 Schicht 0.01 bis 10 n betragt. 

24. Photoleitfahiges Element nach Anspruch 16, bei dem das amorphe Silicium durch das Glimmentla- 
dungsverfahren hergestellt wird. 

20 25. Photoleitfahiges Element nach einem der vorhergehenden Anspruche, bei dem sich auf dem photo - 
leitfahigen Element eine Oberflachenschutzschicht befindet. 

26. Photoleitfahiges Element nach Anspruch 25, bei dem die Dicke der Oberflachenschutzschicht 0,01 bis 
10 u betragt. 

25 

27. Photoleitfahiges Element nach Anspruch 25, bei dem die Oberflachenschutzschicht aus einer Substanz 
besteht, die aus der Gruppe ausgewahlt ist, die aus Si x Ci- x , SixlVx und S\ x 0^ x (0 < x < 1) besteht. 

2a Photoleitfahiges Element nach einem der vorhergehenden ArfsprOche, bei dem die Dicke der photo - 
30 leitfahigen Schicht 1 bis 100 u betragt. 

29. Elektrophotographisches Verfahren, bei dem ein photoleitfahiges Element nach einem der vorherge - 
henden Anspruche verwendet wird. 

35 30. Verfahren nach Anspruch 29, bei dem das photoleitfahige Element einer Information tragenden 
elektromagnetischen Welle ausgesetzt wird, urn ein elektrostatisches Bild zu erzeugen, wobei die 
elektromagnetische Welle aus einem Laserstrahl besteht. 

31. Verfahren nach Anspruch 29 oder 30, bei dem ferner das erzeugte entwickelte Bild nach der 
40 Entwicklung ubertragen wird. 

32. Verfahren nach Anspruch 31 , bei dem ferner die Oberflache des photoleitfahigen Elements nach der 
Obertragung gereinigt wird. 

45 33. Verfahren nach Anspruch 32, bei dem die Reinigung mit einer Rakel durchgefOhrt wird. 

Revendlcatlons 

1. Element photoconducteur du type comprenant une couche photoconductrice sur un support (1), le 
50 support (1) etant constitue d'un corps metallique traite en surface, sur lequel ont ete formees des 
irrEgularites, caracterise* en ce que les irregularites comprennent un grand nombre d'Evidements en 
entailles spheViques (4) qui possedent eux-memes Egalement de fines irregularites (5) formers dans 
ces evidements. 

55 2. Element photoconducteur suivant la revendication 1 , dans lequel les Evidements (4) sont spheViques. 

3. Element photoconducteur suivant la revendication 1 ou 2, dans lequel les Evidements possedent 
pratiquement le meme rayon de courbure et la meme largeur. 
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4. Element photoconducteur suivant Tune quelconque des revendications 1 a 3, dans lequel te rayon de 
courbure R et la largeur r des evidements (4) sont compris dans I'intervalle 0,035 £ r/R £ 0,5. 

5. Element photoconducteur suivant Tune quelconque des revendications 1 a 4, dans lequel le rayon de 
5 courbure R des evidements (4) est compris dans I'intervalle de 0,1 mm £ R £ 2,0 mm. 

6. Element photoconducteur suivant Tune quelconque des revendications 1 a 4, dans lequel la largeur r 
des evidements (4) est comprise dans Tintervalle de 0,02 mm S r £ 0,5 mm. 

70 7. Element photoconducteur suivant Tune quelconque des revendications 1 a 5, dans lequel les proton - 
deurs des irregularites fines (5) dans les evidements en entailles sphSriques sont comprises dans 
I'intervalle de 0,5 a 20 urn. 

8. Element photoconducteur suivant Tune quelconque des revendications pr£cedentes, qui est un element 
75 cylindrique. 

9. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel le 
support est constitue* d'un alliage d'aluminium. 

20 10. Element photoconducteur suivant Tune quelconque des revendications precedentes. dans lequel le 
support est un cylindre d'alliage d'aluminium. 

11. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel la 
couche photoconductrice contient une matfere photoconductrice organique. 

25 

12. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel la 
couche photoconductrice comprend une couche de production de charges et une couche de transport 
de charges. 

30 13. Element photoconducteur suivant la revendication 12, dans lequel I'epaisseur de la couche de 
production de charges est comprise dans Pintervalle de 0,01 a 1 ,0 urn. 

14. Element photoconducteur suivant la revendication 12, dans lequel I'epaisseur de la couche de transport 
de charges est comprise dans I'intervalle de 5 a 20 urn. 

35 

15. Element photoconducteur suivant la revendication 12, dans lequel la couche de production de charges 
comprend un melange de 20 a 300 parties en poids d'un liant pour 100 parties en poids d'une matfere 
de production de charges. 

40 16. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel la 
couche photoconductrice est constitute d'un silicium amorphe. 

17. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel une 
couche de prevention d'injection de charges est intercaiee entre le support et la couche photoconduc - 

45 trice. 

18. Element photoconducteur suivant la revendication 17, dans lequel la couche de prevention d'injection 
de charges est constituee d'un silicium amorphe contenant au moins un element choisi entre des 
atomes d'hydrogfcne et des atomes d'halog^nes. 

50 

19. Element photoconducteur suivant la revendication 18, dans lequel la couche de prevention d'injection 
de charges contient au moins un element choisi entre les elements du Groupe 111 et les elements du 
Groupe V du Tableau Periodique. 

55 20. Element photoconducteur suivant Tune quelconque des revendications precedentes, dans lequel une 
couche d'arret est intercaiee entre le support et la couche photoconductrice. 
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21. Element photoconducteur suivant la revendication 20, dans lequel la couche d'arret est constitute 
d'une matiere tlectriquement isolante. 

22. Element photoconducteur suivant la revendication 20, dans leque! la couche d'arret est constitute 
5 d'une matiere choisie dans le groupe consistant en AI2O3, Si02, Si3N 4 et un polycarbonate. 

23. Element photoconducteur suivant la revendication 17, dans lequel I'tpaisseur de la couche de 
prevention d'injection de charges est comprise dans I'intervalle de 0,01 a 10 um. 

10 24. Element photoconducteur suivant la revendication 16, dans lequel le silicium amorphe est prepare* par 
le procede de decharge luminescente. 

25. Element photoconducteur suivant Tune quelconque des revendications prtctdentes, dans lequel une 
couche protectrice de surface est presente sur Tenement photoconducteur. 

75 

26. Element photoconducteur suivant la revendication 25, dans lequel I'tpaisseur de la couche protectrice 
de surface est comprise dans I'intervalle de 0,01 a 10 urn. 

27. Element photoconducteur suivant la revendication 25, dans lequel la couche protectrice de surface est 
20 constitute d'une matiere choisie dans le groupe consistant en Si x Ci- X , Si x Nt-x, et Si x Oi- x (0 < x < 

1). 

28. Eltment photoconducteur suivant Tune quelconque des revendications prtctdentes, dans lequel 
I'epaisseur de la couche photoconductrice est comprise dans I'intervalle de 1 a 100 urn. 

25 

29. Proctde* tlectrophotographique utilisant un tltment photoconducteur suivant I'une quelconque des 
revendications prtcedentes. 

30. Proctde suivant la revendication 29, dans lequel I'element photoconducteur est expose a une onde 
30 Slectromagnetique porteuse d'informations pour former une image electrbstatique, I'onde electroma- 

gnttique comprenant un faisceau laser. 

31. Proctde suivant la revendication 29 ou 30, comprenant en outre le transfert de Pimage developpee 
formte apres developperhent. 

35 

32. Proctde* suivant la revendication 31, comprenant en outre I'effacement de la surface de I'eltment 
photoconducteur apres transfert. 

33. Proctde" suivant la revendication 32, dans lequel I'effacement est effectue* au moyen d'une lame. 

40 



45 



50 



55 
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Fig. 7 
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Fig. 8 
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